We have investigated the electrochemical, spectroscopic and electroluminescent properties of a family of aza-aromatic complexes of ruthenium of type 
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Introduction
The past few years have seen a rapid development in the chemistry, biochemistry and photophysics of aza-aromatic complexes of ruthenium. Aza-aromatic complexes of ruthenium are extensively used as photosensitizers, for production of H 2 and O 2 from H 2 O [1] [2] [3] [4] [5] , and for biological sensing [6] [7] . Cyclic aza-aromatic complexes of ruthenium are used as sensitizers in dye-sensitized solar cells [8] [9] [10] [11] [12] [13] [14] . Aza-aromatic ruthenium(II) complexes are also promising candidates for incorporating into low voltage, single-layer, solid-state electroluminescent devices, such as light emitting diodes (LEDs), as they have high photo-redox efficiencies [15] [16] [17] [18] [19] [20] [21] [22] [23] [24] [25] [26] [27] [28] [29] [30] [31] [32] [33] .
Electroluminescent devices using transition metal dyes typically use unsubstituted and peripheral hydrogen substituted polypyridyl complexes of ruthenium and other transition metal complexes 34 . However, nitrogen rich heterocyclic ligands, complexing with platinum, iridium and other transition metals, have been extensively used to synthesize light-emitting self-assembled materials 35, 36 . In order to explore the activity of nitrogen rich heterocyclic ligands in electroluminescent devices, we developed three 
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and a one electron reduction of the ligand at -1.40-1.50 V versus saturated calomel electrode (SCE).
Experimental Section
Materials: [Ru(bpy) 2 Cl 2 ] and [Ru(phen) 2 Cl 2 ] were prepared as reported earlier 37 .
For electrochemical work HPLC grade acetonitrile was used. All other chemicals and solvents were of reagent grade and were used as received.
Physical Measurements
1 H and 13 C NMR spectra were recorded with a Bruker FT 300 MHz spectrometer.
Spin-spin structures are abbreviated as follows: s, singlet; d, doublet; t, triplet.
Electrochemical measurements were performed under nitrogen atmosphere using a CH 620A electrochemical analyzer, with platinum working electrode. The supporting electrolyte was tetraethylammonium perchlorate (TEAP), and the potentials were referenced to the saturated calomel electrode (SCE) without junction correction.
Microanalysis (C,H,N) was performed using a Perkin-Elmer 2400 series II analyzer.
Mass spectra were measured with Q-TOF mass spectrometer (MeCN). UV-vis absorption spectra and florescence spectra of the ruthenium complexes in acetonitrile solution were recorded with a UV-1601 PC spectrophotometer and Perkin-Elmer model LS 55 luminescence spectrometer respectively. The solutions used for emission and life time measurements were de-aerated by bubbling nitrogen gas for 30 min. Florescence life times were determined from time-resolved intensity decay by the method of timecorrelated single-photon counting using a picoseconds diode laser (IBH, U. K., nanoled-
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07) as the light source. The decays were analyzed using IBH DAS-6 decay analysis software.
Determination of quantum yield (Ф)
Quantum yields were determined by comparing with a [Ru(bpy) 3 ] 2+ standard (Ф s = 0.042) measured in aqueous solution 38 . The relevant formula is given in the following equation:
Here x and s subscripts refer to the experimental sample and standard respectively. A is the absorbance (set near 0.1 in a 1 cm cell) at the peak (436 nm in the case of the standard), I is the area under the emission spectrum and η is the refractive index of the solvent used.
Electroluminescence Study
Light emitting devices were fabricated on indium tin oxide (ITO) coated glass substrates, which were cleaned and processed following standard protocol. Ruthenium complexes were first dissolved in acetonitrile (2 mg/ml) and were spin coated on the luminescence spectrometer. The instruments were controlled with a personal computer via a general-purpose interface bus (GPIB). 
Synthesis of ligands
Synthesis of complexes
Five complexes were synthesized by the same general procedures and the details are described for one complex.
[Ru(bpy) 2 
Results and Discussions
Synthesis
Three isomeric ligands (L 1 -L 3 ) were synthesized, which, in addition to bpy and phen co-ligands, vary in position of nitrogen and fused pyridine ring. The heteroleptic 
Spectra and Electrochemistry
In addition to standard aza-aromatic signatures in the UV region, the complexes The NMR data are given in the experimental section.
The electrochemical behaviors of the complexes in acetonitrile were investigated.
The results are listed in Table 2 . The cyclic voltammograms of the complexes contain one electron oxidation wave and one electron reduction wave. The oxidation potentials Figure 2 .
Photophysical and photochemical Properties Photoluminescence
The complexes are all luminescent at room temperature. Luminescence spectra were obtained in acetonitrile solution and the absorption peak lies near 600 nm.
Excitation spectral studies have demonstrated that the luminescence is associated with the above noted MLCT bands. The luminescence spectra are shown in Figure 3 [Re(bpy)(CO) 3 Cl] (5d 6 ) 38, 45 . The photo-physical measurements are listed in Table 1 . It is interesting to note that the pyridyltriazine complex of ruthenium(II) with two bpy coligands is not photoluminescent, while the pyridyltriazine complex of rhenium(I) with 
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three carbonyls and a halide co-ligand is photoluminescent, despite the structural similarity of the triazine and triazolo rings 38 .
Electroluminescence
To study the solid-state electroluminescence properties of the ruthenium complexes, we first measured the current -voltage and light -voltage characteristics of the thin film devices comprised only of the materials sandwiched between ITO and aluminum electrodes. 26 .
Conclusion
Here we report the spectroscopic, electrochemical, photo-physical and 
